The synthesis of rhodium (III) 
Introduction
The coordination of S,S bidentate ligands remains an important area of chemistry.
Complexes bearing this type of ligand have a number of industrial applications including vulcanisation [1] [2] [3] [4] , lubricant additives [5] and catalysis. [1] [2] [3] [4] In addition S,S donors can support unusual magnetic properties and are important in biological systems. [6] As part of our interest in the properties of sulfur donor systems we have investigated a series of dithiolate ligands bound to aromatic backbones.
There has been little study on the coordination chemistry of these types of ligands thus far.
One exception to this is the work by Teo and co-workers carried out in the late 1970s and early 1980s on the oxidative addition of tetrathionaphthalene (TTN), tetrachlorotetrathionaphthalene (TCTTN) and tetrathiotetracene (TTT) to a variety of low valent metal substrates (Figure 1 ). [7] [8] [9] [10] [11] [12] [13] [14] Another interesting system bearing the related hexachlorodithionaphthalene (HCDTN) resulted in an unusual trinuclear nickel complex [Ni 3 (PPh 3 ) 3 (S 2 C 10 Cl 6 ) 3 ] with the HCDNT acting as a bridging ligand. [15] 
Figure 1. Structurally related aromatic sulfur donating ligands
More recently there has been an interest in using naphthalene-1,8-and 1,1'-biphenyl-2,2'-dithiolate based ligands bound to iron as electron transfer catalysts designed to mimic iron hydrogenases ( Figure 2 ). [16] [17] [18] [19] [20] [21] The structurally related compound acenaphthene-5,6-dithiolate is less well documented with only one example of complexes incorporating this type of ligand out with our research. [22] Topf and co-workers have used the acenaphthene backbone as a linker between a 1,2-diimine unit and a dithiolate binding site. The iron carbonyl complex bearing this ligand was shown to have potential as a multielectron transfer photosensitiser for artificial photosynthesis and as a bio-inspired photoredox catalyst. [22] Figure 2. An iron dithiolato complex active in electron transfer processes With the exception of the electron transfer mimics the coordination chemistry of 1,1'-biphenyl-2,2'dithiolate has seen little investigation. Two molybdenum based complexes have been synthesised with one bearing an Mo oxygen triple bond. [23, 24] A derivatised version of the ligand has been bound to copper [25] with mono-and dinuclear nickel complexes also reported. [26] There has also been two reports on methods to synthesise titanocene-2,2'-dithiolatobiphenyl. [27, 28] Herein we describe the synthesis of a series of dithiolato complexes bound to rhodium (III) and iridium(III) metal centres. We also report the isolation of a new dithiol, acenaphthene-1,8-dithiol, along with crystallographic studies of naphthalene-1,8-dithiol, 1,1'-biphenyl-2,2'-dithiol and benzene-1,2-dithiol. All new complexes and the new dithiol have been fully characterised principally by multinuclear NMR spectroscopy, elemental analysis and single crystal X-ray diffraction.
Results and Discussion
The diprotic pro-ligands naphthalene- [33] (Scheme 1). The reduction of disulfides was performed using NaBH 4 , [34] which was followed by an acidic workup after which all three pro-ligands were isolated as colourless solids, each possessing only a mild thiol odour. Benzene-1,2-dithiol (H 2 d) was prepared according to literature and purified by distillation to afford a colourless liquid with a strong thiol odour (Scheme 1). [35] H 2 a, H 2 c and H 2 d were isolated and spectroscopically characterised earlier, [33, 34, 36] for completeness we report their X-ray structures here. In contrast, H 2 b was not isolated previously, and we report full spectral characterisation as well as its X-ray structure. When first mixed a cloudy solution forms which after refluxing becomes clear. The reaction proceeds with loss of hydrogen chloride; despite no trapping agent being used good isolated yields were obtained (75-83% after purification). In all cases purification was performed by column chromatography on silica using dichloromethane as the eluent. 
X-ray Crystallography

Pro-ligands H 2 a-d and Dichloro Complexes 1 and 2
Despite H 2 a/c/d being reported and spectroscopically characterised previously no X-ray crystal data has been published. The solid state structures of the pro-ligands H 2 a-H 2 d are shown in Figure 3 , with selected structural parameters of H 2 a/b in Table 2 and H 2 c/d in Table 3 . There are two molecules within the asymmetric unit for H 2 a/b/d with four present in H 2 c. When compared to the respective disulfide, the S···S distances have increased by ca. C: (1)- (10)- (5)- (6) C: (9)- (10)- (5)- (4) [] denotes data from second molecule in asymmetric unit. (1)- (2)- (7)- (8) [] denotes data from second molecule in asymmetric unit.
Although synthesis and spectral characterisation of complexes 1 and 2 were previously reported, [37] no x-ray crystal data was published. Crystals suitable for X-ray studies were obtained from diethylether by slow evaporation. (5) M (1) 
Rhodium Complexes 3a-c
The solid state structures of 3a-3c are shown in Figure 5 and Figure 6 with selected structural parameters listed in Table 5 . As with complexes 1 and 2, the rhodium centre adopts piano stool geometry. The Rh-S bonds lengthen going through the series, varying from 2.3371(9) and 2.3307(7) Å in 3a, 2.342(2) and 2.344(2) Å in 3b to 2.3840 (8) Å. [48] The distance between the two sulfur donor atoms increases through the series.
Comparing the S···S distance between the free and bound ligands an increase is observed 
Iridium Complexes 4a-c
The solid state structures of 4a-c are shown in Figure 7 and Figure 8 with selected structural parameters listed in Table 6 . The lanthanide contraction results in the atomic radius of iridium being similar to that of rhodium, the complexes adopting similar structures to that of rhodium analogues. The drop in the observed tilt of the Cp* moiety is less in this series cf.
the rhodium complexes. The Ir-S bond lengthens going from 4a-4c ranging from 2.339(1) Å in 4a to 2.409(9) Å in 4c and are comparable to other Ir-S bonds.
[49] The Ir-P bond length increases going from 4a to 4c with all the complexes showing a shortened Ir-P bond compared to the starting complex. The S···S distance increases across the series as before. The non-Cp* angles around the iridium centre for 4a and 4b are all less than 90°, with 4c having two greater than 90° (92.08(3)°, 92.64(3)°). The S···S distance, splay angle and torsion
S(1)-C(11)···C(19)-S(19) all increase in the iridium complexes compared to their rhodium
analogues. The out of plane displacement of the sulfur atoms from the central ring systems are comparable to the rhodium analogues. (5) C: (11)- (20)- (15)- (16) 176.64(5) 178.91 (3) C: (19)- (20)- (15)- (14) 179.60 (5) Non-hydrogen atoms were refined anisotropically. Hydrogen atoms on carbon atoms were refined using the riding model. In the structure of H 2 c one of the four independent molecules is highly disordered. Numerous crystallisations were attempted without success. We were unable to successfully model the disorder but since the other three independent molecules in H 2 c are well behaved we have included this data. 
